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Detoxification of solid f rceform fabrication materials 



(57) A detoxification process for rendering three-di- 
mensional objects fomned by solid freefomi fabrication 
techniques biocompatible for use in lonq-tenn dejrn al 
con tact application s. The process nullifies cytotoxins 
normally present In objects formed by solid freefomi fab- 
rication techniques rendering such techniques as viabl e 
for the prod uctLocLfiLblPComRatible devices such as 
st ents, artery valve components, bone implant supports, 
pacemaker shells, surgical tools, and the like. In one 
embodiment , a custom hearing aid shell is produced by 
stereolithoc^raphy from an acrylate photopolymer resin 
that was detoxified for long-temn demnal contact appli- 
cation. The detoxification process makes three-dimen- 



sional objects created by solid freefomi fabrication tech- 
niques available for products requiring biocompatibility. 
A prPliminary ob ject which contains cytotoxins isfo rmed 
layerwise. The detoxification process may be performed 

^b^Tentrapping, extractin g and/or decomposing cytotox- 
ins; or by subi ecting the preliminary object to ultrasonic 



stimulat ion in a solv ent; or by subjecting the preliminary 
object to chemteal extractio n, as in a soxhiet extractor. 
Alternatively the preliminary object may be detoxif ied by 
subjecting it to steam cleaning, thenmal heat or by se- 
lectin g a build style in stereolithography where the beam 
width of radiati on overlaps when solidilying the resin in 
the layers. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention. 

[0001 ] This invention Is generally concerned with ob- 
jects or structures which have at least long-temn demrial 
contact compatibility. The invention may be applied in 
the field of biocompatible medical stmctures. The Inven- 
tion relates to a method of forming and detoxifying a 
three-dimensional object, particularly one fonned by 
solid freeform fabrication. The invention also relates to 
an object^ such as a hearing aid shell formed by use o f 
the method. The invention will be aescriped in reiauon 
to efforts to develop a process to assure a t least lon g- 
temi deimal contact biocompat ibillty for three-dimen- 
sional objects fomried from solid freeform fabrication 
techniques such as stereollthography In one applica- 
tion the process is capable of producing a long-tenn der- 
mal contact hearing aid shell stmcture custom made by 
stereolithography. 

Description of the Prior Art. 

[0002] Conventional biocompatible and bioabsorba- 
ble materials have been proposed previously for long- 
term demrial contact applications, such as hearing aids. 
Generally, biocompatible materials exhibit non-toxic 
characteristics and do not adversely react with biologi- 
cal matter. Biocompatible testing is often done by plac- 
ing a material in contact with living cells of an animal for 
extended periods of time in order to verify that no ad- 
verse reaction occurs. Bioabsorbable materials, on the 
other hand, while also exhibitingj^ 
tics, are capable of breaklnc) down into 
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the body without hanm. Both biocompatible and bioab 
sori^able materials lack the presence of significant 
amounts of cytotoxins, that is, s ubstances or par ticu- 
ifltf>ft that can produce a toxic effectjo c ells. Identifying 
specific cytotoxins in a specific material can prove prob- 
lematic; however, cytotoxicity testing can readily be con- 
ducted to essentially detenmine whether or not a signif- 
icant level of cytotoxins are present In a particular ma- 
terial. Until recently, the development of biocompatible 
materials for use in solid f reef omi fabrication techniques 
has been limited. 

[0003] Generally, cytotoxins are constituent species 
of matter that, when in physical contact with cells, pro- 
duce a toxte effect such as an allergic reaction. When 
present in sufficient quantity In an object, cytotoxins 
render the object unacceptable for biocompatible appli- 
cations such as long-temi demial contact. Nearty all ob- 
jects contain some quantity of cytotoxins, however the 
conventional wisdom to achieve biocompatibillty is to 
start with a material that is inherently non-toxic, i.e. one 
that contains a de-minimus amount of cytotoxins. For 
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example, several acrylate and methacrylate-type poly- 
mers have previously been suggested for a wide variety 
of applications involving some degree of biocompatibil- 
ity because many such materials contain a de-minimus 
amount of cytotoxins. U.S. Patent No. 5,763,503 to 
Cowperthwaite, et al. discloses a pourable methacr- 
ylate-capped urethane monomer/reactive diluent com- 
position for use in pouring into a mold to fomr) a hearing 
aid shell stmcture. Thus, it is generally taught that in or- 
der to produce a biocompatible object, one must start 
by selecting a material that is inherently non-toxic, i.e., 
one that contains a de-minimus amount of cytotoxins. 
[0004] Recently, several new technologies have been 
developed for the rapid creation of models, prototypes, 
and parts for limited run manufacturing. These new 
technologies can generally be described as Solid Free- 
fomi Fabrication techniques, herein refered to as 
"SFF". Some SFF techniques include stereolithography, 
laminated object manufacturing, selective phase area 
deposition, multi-phase jet solidification, ballistk; parti- 
cle manufacturing, fused deposition modeling, particle 
deposition, laser sintering, and the like. Generally in 
SFF techniques, complex parts are produced from a 
modeling material in an additive fashion as opposed to 
traditional fabrication techniques, which are generally 
subtractive in nature. For example, in traditional fabri- 
cation techniques material is removed by machining op- 
erations or shaped in a die or mold to near net shape 
and then trimmed. In contrast, additive fabrication tech- 
niques incremen tally a dd portio ns of a build mate rial to 
t argeted lo<^ tions,Tayer15y^^^^ 
□lex part^g Fnecii^ utilize a computer 

graphic representation of a part and a supply of a build- 
ing material to fahrinate the part in successive layers. A 
wide variety of building materials have been proposed 
in various SFF techniques; however, they are typically 
applied in the fomn of a powder, liquid, gas, paste, or 
gel. SFF technologies have many advantages over con- 
ventional manufacturing methods. For instance, SFF 
technologies dramatfcally shorten the time to develop 
prototype parts and can produce limited nurnbers of 
parts in rapid manufacturing processes. They also elim- 
inate the need for complex tooling and machining asso- 
ciated with conventional manufacturing methods, in- 
cluding the need to create molds for custom applica- 
tions. In artHltinn, customized objects can be .CtirepttV. 
produced from jcomputer nraohifi data. However, the 
use of SFF techniques to produce biocompatible objects 
has been limited. 

[0005] It has been envisioned that prosthetic implante 
could be constmcted directly from SFF techniques such 
as stereolithography. Such biocompatible applfcations 
are believed possible be cause polymerizable acrylate s 
have previously bQ^H , show n to be bi ocompati ble, and 
it is assumed that objects formed from these materials 
in stereolilhographic processes will therefore be bio- 
compatible. For example. Intemational Patent Applica- 
tion WO 95/07509 envisions the direct production of im- 
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plants from a stereolithographic process, h owever, only 
the use of a st ereoiithoq rap hic pbiect as an interm ediate 
mold to c reate biocompatible prostheses is disc losed. 
This Illustrates the recognized inability to directij pro- 
duce biocompatible objects directly from a stereolitho- 
graphic process utilizing materials believed to be bio- 
compatible. Thus, there is a need to develop a process 
in which biocompatible objects can be produced directly 
by SFF techniques. 

[0006] Most attempts to achieve biocompatible or bl- 
oabsorbable objects formed by SFF techniques have fo- 
cused primarily on build material fonnulation. For exam- 
ple, a bioabsorbable stereolithographic resin is dis- 
closed In U.S. Patent No. 5,674,921 to Regula et al., 
which comprises a radiation curable, urethane acrylate 
and a photoinltator. However, it is significan t to note that 
the samples disclose d^were completely cured by fjoo d 
curing with a UV light source , and not by,£usile5ively 
applying a c oncentrated beam of UV e nergy as is done 
in stereoilthoqrapny tech niques. Furthermore, the for- 
mulations were no t designed to be biocorn patible, but 
rather bloafeSSifiSK?' ^^^^ intended to break down in- 
to small non-toxic segments within a biological environ- 
ment, instead of simply remaining stable and inert within 
the biological environment. 
■^[00071 What appears to be under-appreciated in the 
prior art is that where the SFF build process produces 
parts that are tvpicaily toxic, additional post£r ocessing 
metho ds rnav be cleplO |Yed to rer^de j them non-^ In 
addition, due to the inherently non-homogeneous na- 
ture of most SFF build processes, it is theorized that cy- 
totoxins are typically retained within structures fonmed 
by such processes. This has been shown to be the case 
in stereolithography, and even when a part is homoge- 
neously fonned by stereolithography, it may still contain 
cytotoxins. These cytotoxins can undesirably react with 
biological matter in certain applications, particulariy 
those requiring long-term dermal contact. It is the crea- 

Ltion and/or retention of cytotoxins in these structures 
that presently prevents their use in biocompatible appli- 
cations. 

[0008] Generally, In most SFF techniques, stmctures 
are fonned in a layer by layer r nannep by ^ofl^jfyina suc- 
cess ive layers of a build mate rial that are inherently non- 
homogeneous. For example, in stereolithography a 
tightly focused beam of energy, typically in the ultraviolet 
radiation band, is s canned across a 'ayg[£[g jjg"!^ P^Q ' 
topolvmer resin to selectivel y solidify the resin to f bmri a 
structure. In order to solidify each built up layer of the 
structure. theJocysadJteain ,Ot,finfiEgy,m^U;te driven 
back and forth across its surface. This build process, or 
hatching, often does not form a homogeneously cured 
layer because the focused energy only locally activates 
the photoinitiator in the resin. There is a wide variety of 
hatching techniques used in SFF techniques that can 
produce varying degrees of non-homogeneity within the 
structures produced. A representative example of the 
variety of build techniques available are disclosed in, for 
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example, U.S. Patent No. 5,855,71 8 to Nguyen et al. At 
one extreme is the investment casting build technique 
discussed in U.S. Patent No. 5,482,659 to Sauertioefer, 
in which a generally hollow structure is fomried that re- r 
quires the removal of a substantial amount of un-solid- 
Ified liquid resin material. Generally the structures 
fonned by most SFF processes such as stereolithogra- 
phy are not homogeneous. I n stereolithography , after 
selective solidification, some locations of the'pblymers 
flfA hi ghly cross-linked whilein Qtb enocations they are 
partially cross-l inked, or not cured at all. It is believed 
that un cured' fesm a n ^ P^J^!^"/ ^^^^^^^ ^ ^^ 
to contain toxic species. 
[0009] The non-homogeneous aspect or non-unifomi 
cure that results from some stereolithography hatching 
patterns is otten desirable in many applications. For ex- 
ample, many hatching techniques ar e used to red uce 
(tracking or distortionof thg.§fey^jAie whilejtjs being 
f ormed, even th ough cytotoxins are likely to be left be- 
hind in the structure. Some hatching techniques are 
used to increase bui ld speed by reducinja the atnpunt of 
sc anning of the laser, thereby leaving even a greater 
quantity of cytotoxins beliind. In most of these non-bio- 
logical appii^atinnQ,^^gteUVpffstqM![e,.g"d is 
all that is needed to prepare the structurgjor use. Ultra- 
sonk; washin^TaTEeenl^ with ace- 

tone as disclosed in U.S. Patent No. 5,639,41 3 to Crivel- 
lo, an d with alcohol as disclos ed in U.S. Patent No. 
5^482.659 to S auerhoefer. Although such techniques 
are useful for wSs^Fmig and removing un-solidifled resin 
material, theyjrenotsi^^ 

fy structures for bicg:omfia^^^^ Thus, ob- 

jects cleansed bylhese techniques typteally remain tox- 
ic even after cleaning. 

[0010] It is believed ttie non-homogeneous cure that 
occurs when scanning a laser beam across a layer of 
polymerizable build material in a stereolithographic 
process becomes most problematrc when trying to 
achieve biocompatibJiltv fo r ■ffte^eftlith.QaiHBllfe-^ 
tures. It Is believed the cytotoxins present in the formed 
object may be any combination o f monom ere, oligom- 
e rs, photoinit iators, free radicals, polyols, photogenerat- 
ed acid, stabilizers, an djhe like, thatjire^inally 
pr esent in the resi n or generated during the cure of the 
resiriJt is believed that portions of these cytotoxins are 
sufficiently e ntrapped such th at they are not remov ed 
by simple washing operations and therefore remain in 
the structure. Thus, re gardless if a fully cured resin fo r- 
mu lation is believed to be biocom patible, the structures 
50 fnrmAri from the resIn in a g^[fti]gg|gP^^j^ apparatus 
m ay still contain cyto toxins and as such may not be ac- 
ceptable for use In biocompatible applications. 
[0011] For example, a liquid acrylate photopolymer 
resin for use in stereolithography equipment sold by the 
55 name STERECOL Y-C 9300R has been proposed to 
produce low toxteily objects. The resin was designed for 
use in stereolithography equipment using a solid state 
or Argon laser to form three-dimensional objects. This 
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resin was fomieriy manufactured and sold by Avecia 
Limited, of Manchester, England. Currently this resin is 
manufactured by Vantico, Inc. of Los Angeles, Califor- 
nia, and is sold by 3D Systems, Inc. of Valencia, Cali- 
fornia. Preliminary objects made with this resin accord- 
ing to the recommended processing parameters provid- 
ed by Avecia Limited failed to pass cytotoxicity tests for 
biocombatibility. It is theorized that cytotoxins were ei- 
ther established in or already present during the layer 
by layer fonming process and their existence is believed 
most likely to be a result of insufficient cross-linking, in- 
complete cure, or continued reactivity after fomnation. 
[00121 Thus, there is a ne ed to nullify the cytotoxin s 
within an SFF structure in order to render the structure 
biocompatible for at least long-temi demnal contact. 
Thus, there is a ne ed to develop a pr ocess beyond s im- 
ple washing in order to assure s uch structures a re de- 
toxifiedTegSdiS^ the"5p31echnique or hatching 
style used during their fomnation. These and other diffi- 
culties of the prior art have been overcome according to 
the preferred practkje of the present Invention. 

BRIEF SUMMARY OF THE INVENTION 

[00131 The present invention may be implemented to 
provide its benefits across a broad spectrum of medical 
devices, implants, and structures. While th e description 
which follows hereinafter is meant to be representative 
of a number of such applications, it is not exhaustive. 
As will be understood, the basic methods and products 
taught herein can be readily adapted to many use s. It is 
intended that this specif ication and the claims appended 
hereto be accorded a breadth in keeping with the scope 
and spirit of the invention being disclosed despite what 
might appear to be limiting language imposed by the re- 
quirements of refenring to the specific examples dis- 
closed. 

[0014] It is one aspe<* of the present invention to pro- 
vide a process for detoxifying a three-dimensional ob- 
ject fomned by a SFF techniqueJijLaulIiMngJt^^ 
toxins that exis t within the object after the layer by layer 
build process. 

. [QOI 51 It is another aspect of the present invention to 
provide a process to assure at least long-term dernial 
contact biocompatibility for three-dimensional objects 
formed from SFF build materials such as tiquk) polym- 
erizable resins used in stereolithography . 
[0016] It is yet another aspect of the present Invention 
to directly produce custom made biocompatible medk;al 
devices or strurtures by SFF techniques including ster- 
eolithography. 

[0017] Aspects and preferred features of the present 
invention are set forth in the Claims following this de- 
scription. 

[001 8] Ref emng to the various preferred practices by 
which the present invention may be implemented:- 
[0019] It is a feature to detoxify a three-dimensional 
objert formed by a SFF technique by entrapping at least 
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some of the cytotoxins within the object. 
[0020] It is another feature to detoxify a three-dimen- 
sional object fomned by a SFF technique by extracting 
at least some of the cytotoxins out of the object. 
[0021] It is yet another feature to detoxify a three-di- 
mensional object fomied by a SFF technique by decom- 
posing at least some of the cytotoxins into a non-toxic 
state within the object. 

[0022] It is yet another feature to^toxif^a^ three-di- 
mensional object formed by a SFF technique^jadvanc- 
ipg the state of cure of the objec t. 

[0023] It is yet another feature to incorporate a simple I * 
and r epeatable post- process ing s tep t o detoxifyj hree- 1 
dimensional objects tomne^Jfrorn SFF build materials in- I 
eluding liquid polymerizable resins us ed in stere olithog- I 
raphy. ^-^r^^ ^ 

[0024] It is still yet anotherf eature develop a SFF build 
style that nullifies some of the cytotoxiris within the 
three-dimensional object by advancing the state of cure 
of the object during object fonmation. 
[0025] The preferred implementations of the present 
invention enable us:- 

to directly c reate bjpcompatible medical str uctures 
without first creating a mold in which to fonm the 
structure; 

to directly produce biocompatible medical struc- 
tures from data descriptive of the structures that can 
be generated by computer models and used in any 
SFF technique; 

to make available the benefits of solid f reefonn fab- 
rication techniques to applfcations requiring some 
level of biocompatibility. 

[0026] The invention and its prefen^ed practtoe in var- 
ious embodiments will be further described with refer- 
ence to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0027] 



45 



Fig. 1 1s a flow chart of a detoxification process ac- 
cording to the present invention; 
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Fig. 2 is a flow chart of an embodiment of the de 
toxification process of the present invention using 
ultrasonic stimulation, I 

FHg.Sisaflowchartof anotherembodinnentofthe \ \.\y^. 
detoxification process of the present invention us- \ Ca^^^ 
ing chemical extraction. 

Fig. 4 is a flow chart of another embodiment of the 
detoxification process of the present invention us- 
ing vapor treatment with a medium. 



4 



EP1 245 369 A2 



Fig. 5 is a flow chart of another embodiment of the 
detoxification process of the present invention us- 
ing themnai heat. 

Fig. 6 is a flow chart of another embodiment of the 
detoxification process of the present invention us- 
ing an overlapping build style. 

Fig. 7 is an isometric view of a hearing aid shell 
formed by use of stereolithography and detoxifica- 
tion process according to the present invention. 

[0028] To facilitate understanding, identical reference 
numerals have been used, where possible, to designate 
identical elements that are common in the figures. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[0029] While the present invention is applicable to ail 
SFF techniques and objects made therefrom, the inven- 
tion will be described with respect to stereolithography 
utilizing polymerizable resins as the build material. How- 
ever it is to be appreciated that the present invention 
can be implemented with any SFF technique utilizing a 
wide variety of build materials. For example, the build 
materia l c an be a photocurable or s interable material 
applied in the form of a powder, paste, liquid, or gel. In 
addition, the build material may be a composite mixt ure 
of components, such as a mixture of photocurable liquid 
resin and powder metals. If desired. Also, the present 
"mvehtion is applicableto SFF techniques such as Micro- 
Stereolithograp hy, which can produce the extremely 
smali yet intricate ob jects in demand as a result of recent 
advances in medical implant procedu res. 
[0030] Referring particularty to Fig. 1 , there is illustrat- 
ed generally a flow chart of the present invention detoxi- 
fication process. The first step, identified by the numeral 
10, involves producing a preliminary object by any SFF 
techniq ue such as sleieoli thfiflraphy. In particular, the 
,step invoives solidifyinc f a polvmerizabla jBaiaJn suc- 
cessive layers to fomn a prejimjriary object that contains 



cytotoxin s. Preferably tne resin is a photooii ^le acr- 



ylate resin which is c^miHrfiPri hy application of laser eo- 
ergy; however, the resin could also be a ligyidiJOhCne'^ 
selecte d from the group consisting of an acrylate, an 
epoxy, or an epoxy/acrylate blend, if desired. For exam- 
ple, a preliminary object can be made with a SLA® 3500 
system commercially available by 3D Systems. Inc. of 
' Valencia, California using a liquid acrylate photopolymer 
resin such as STERECOL Y-C 9300R made by Vantico, 
Inc. and sold by 3D Systems. An altemative resin that 
has been proved successful could be used, if desired, 
such as the epoxy-acrylate resin sold under the name 
SL 7540 by 3D Systems, Inc. The material may also be 
a p hotopolymer jette d from a three dimensional printer 
such as the Objet Quadra three-dimensional printer of- 
fered for sale by Object Geometries Ltd., off Rehovot, 



Israel, if desired. However it is prefenred to utilize acr- 
ylate resins such as STERECOL Y-C 9300R and not 
epoxy-acrylate resins because epoxy blended materials 
are believed to be more cytotoxic than acrylate materials 

5 and because they generally react (cure) more slowly. It 
is theorized that cytotoxins are established in the struc- 
ture during fomiation of the preliminary object, which a re 
likely to comprise any combination of monomers, oli- 
gomers, photoinltiators, free radicals, polyols, photo- 

10 generated acid, stabilizers, and the like, within the so- 
lidified resin. ^ >^ 

[0031] The^econdsteg) identitjgdb^ ffie numeral 1 2 
in Fig. 1 , invo^esmJIIify^^ by entrapping 

them, extractlng^jjr ^^ them, (^^oTj 

transfomiin 



'Q^ ^ a^pon-^oxfc St ate. Cytotoxins 

may be nullified by entrapment in the object once f omried 
such that they are unable to make contact with biological 
material. rYntnyins ma y be nullified by extracting the m 
from the objects once fomned by detoxification process- 
ing. Cytotoxins may also be nullified be decomposing 
the cytotoxins, by breaking them down into Inert matter 
by detoxification processing. It Is also believed that cy- 
totoxins may be tra nsfomned Into a non-toxic state wh en 
th e state of cure is advanced.in an object. For example, 
two free radicals, which may be cytotoxic, may combine 
together during the temnination steps of the chain reac- 
tion into a state that is no longer toxic. Other chemical 
polymer transfomnations may also occur that nullify the 
cytotoxins by transfonming them into a non-toxic state. 
Generally, It is believed that most any detoxifteation 
processing will nullify cytotoxins by any combination of 
entrapment, extractio n, decomposition, or transfogoa 
tlon of the cytotoxins. 

[0032] ~ in the~embodiment shown in Fig. 2, the step of i 
nullifying the cytotoxins Is shown by the numeral 14! 
wherein the preliminary object Is subjected to ultrasonic 
stimulation in a mediu m, such as I sopropyl alcohol. 
Tests were conducted where the preliminary objects 
were subjected to ultrasonic stimulation in isopropyl al- 
cohol for about two hours in whfch the objects passed 
cytotoxicity tests. It is theorized that ultrasonic stimula- 
tion in a m edium such as a solvent is aj genetrating meth- 
od that extracts some of the cytotoxins, d ecomp oses 
some of the cytotoxins, and entraps some of the cyto- 
45 toxins by advancing the state of cure of the object. 
[0033] An altemative embodiment is shown in Fig. 3, 
wherein the second step of nullifying the cytotoxins is 
identified by the numeral 1 6. In this embodiment the pre- \ 
liminary object is subjected to chemical extraction in a \ 
50 s oxhiet extractor, although other extraction methods I 
couldbe used. Preferablythemedium used for chemical I 
avti^^i^n in the soxhiet extr actor Is isopropyl alcoho l. 1 
^|t^n..r|h nthP|-fi 9lvents could be used as the medium, I 
if desired. In some of the tests conducted, It took about 
55 two hours of continuous extraction In the soxhiet extrac- 
tor to produce objects that passed cytotoxicity tests. It 
is theorized that when using the soxhiet extractor, some 
of the cytotoxins are removed from the object, some of 
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the cytotoxins are decomposed within the object, and 
some of the cytotoxin^^ object 
as the st ate of cur e of the object is advanced. Prelimi- 
nary'BSK using this processTesulted in biocompatible 
three-dimensional objects formed by stereolithography 
having essentially no cytotoxins. Further, the objects 
passed irritation tests which demonstrated they could 
be used for long-temn dennal contact applications. 
[00341 C^nS'^f^^D^'*®'^^*'^® embodiment is shown in 
Fig. 4, whereiTTffie second step of nullifying the cytotox- 
ins is identified by the numeral 18. In this step the pre- 
liminary objectissu bigcted to vapor treatme nt in a suit- 
able medium. The medium could be water in the fomn 
of steam, or a solvent. Some suitable solvents are iso- 
propyl alcohol or any other primary or secondary alco- 
hol. Acetone may also be used, if desired. As used here- 
in, vapor treatment in a medium means that the medium 
is at or above its boiling point for a given pressure when 
appliedto an object to nullify cytotoxins. The given pres- 
sure may be above or below atmospheric pressure, as 
desired. In one embodiment, the objects were steam 
treated in an autoclave behween about 121 Mo about 
1 24** C at about 1 8 psig for about 30 minutes. Other tem- 
peratures and pressures may be used, if desired, as 
long as the medium Is at least partially in a vapor state, 
such as when water is steam. 
[0035] It is theorized that by vapor treatment, some of 
the cytotoxins are entrapped within the object due to the 
advancing of the state of cure of the object, and that 
some of the cytotoxins are decomposed to a non-toxic 
state within the object Of the embodiments shown, va- 
por treatment in an autoclave proved to be the fastest 
process for detoxifying three-dimensional parts pro- 
duced by stereolithography. In addition, preliminary 
tests using this process on three-dimensional objects 
formed by stereolithography produced objects having 
essentially no cytotoxins. Further, the objects passed Ir- 
ritation tests demonstrating they can be used in long- 
term demrjalcgntact applications. 
[0036] C j[nother> lternative embodiment is shown in 
Fig. 5, wherein the second step of nullifying the cytotox- 
ins is identified by the numeral 20. In this step the pre- 
llminary ob ject is subjected to thermal heat. Tests were 
conducted where a preliminary object was placed in an 
oven between about 120° to about 160" C tor about a 
twenty-four hour period at atmospheric pressure. It is 
theorized that thennal heating advances the state of the 
cure of the object to entrap some of the cytotoxins and 
decomposes some of the cytotoxins into a non-toxic 
state. The objects tested passed cytotoxicity tests; how- 
ever, thermal heating is not a prefen-ed process due to 
the leng th of time needed to detoxify the objects, 
[0037] CAnfttheft altematlve embodiment is shown in 
Fig. 6, wherein the cytotoxins are riullified by selecting 
a build style . ■tii.yinq » d^Rvad beam shape where each 
hatching pass is les s than one beam width from the pre- 
vious pass such that the beam w idth of radiation ove r- 
laps when solidifying the resin in the layers. Samples 
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were produced usj ji g such a build stvIe_ QDJLhe_SLA® 
3500 System commercially available from 3D Systems. 
Inc. The samples generally passed cytotoxicity tests, 
however, it is uncertain whether it is acceptable to mass 
produce s uch objects as the build s tyle selected tends 
to operate the stereolithography apparatus at a very 
slow rate. In this er ribodiment generally small jh ree-di- 
mensional objectsare preferably made; nowever, it may 
still be adva ntageous to apply f urther detoxification 
processing. Thus, even though favorable test samples 
were produced, it is preferred to further detoxify such 
articles by one of the other processes to assure biocom- 
batibility. 

[0038] Cytotoxicity tests were conducted on three-di- 
mensional objects according to the ISO 1 0993-5 guide- 
lines for cytotoxicity. The cytotoxicity tests followed the 
Agarose overlay method utilizing L929 mouse fibroblast 
cells to measure the toxic level of the samples. The re- 
sults of the tests were provided on a 5 scale ranking sys- 
tem in which a score of 0, 1 , 2, 3, and 4 can be obtained. 
A score of 0 indicates no toxic reaction was observed 
and a score of 4 indicates a strong toxic reaction was 
observed. A score of 0. 1 . or 2. are considered no n-toxic 
scores, a Rmr e of 3 is considered weakly to modera tely 
toxic, and a score of 4 is considered strongly tox ic. 
Scores of 0, 1 , or 2 a7e considered passing scores, that 
is, the samples may be generally acceptable for long- 
tenn dermal contact applications and are therefor bio- 
compatible. Additional testing was done for invitation for 
some of the samples produced according to the ISO 
10993-10 guidelines for imtation and sensitization. Un- 
der these tests, the samples were placed in dennal con- 
tact with a quantity of laboratory rabbits for various pe- 
riods of time to develop a Primary In-itation Index. An 
outside laboratory specializing in biocompatible testing 
conducted the cytotoxin and invitation tests. 
[0039] Refening now to Fig. 7, a biocompatible hear- 
ing akJ shell identified by the numeral 24 is shown that 
was produced in accordance with the process described 
in Fig. 1 . The hearing aid shell 24 w sis selectivelv formed 
by a stereollthoqraphic process in a laver by layer fa sh- 
ion, some of the l ayers identified by numer al 28. The 
shell was fonned from the acrviate p hotopolymer resin 



Q niri under the name STEREOCOL Y -C 9300R as dis- 
45 cussed below. Initially, the she\i^ jN^.ajsi!^ma^ 
obje ct that waTsubject ed to^ltandard post-forming 
cl eaning operati ons used in stereoli^ocjraphy. The ob- 
ject was the nTubiected to ultrasonic treatment in iso- 
p ropyl alcoho l for about 2 hours in order to nullify the 
50 cytotoxins. although any one of the detoxification proc- 
esses discussed herein could have been used. The 
fthell was then bo nded to a hearing aid adapter plate 26 
with a bi ocompatible adhe sive. The adapter plate 26 has 
a mounting flange 32 for securing the electronics of a 
55 hearing aid device and/or battery (not shown) within the 
shell 24. The shell was t hen cpa ted with an UV curab le 
l^cGuer. as is c oipfponLPcacttee^for hearing aid shells. 
The hearing aid shell formed by stereolithography and 
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detoxified by the process of the present invention has 
many advantages over existing hearing aid manufactur- 
ing processes. For example, as discussed in U.S. Pat- 
ent No. 6,022,311 to Juneau etal., no lon.gensitngeded 
to fonn a onetimecusto^^ 
a specific hearin g aid use r. Instead, the advantages of 
directly fomriing intricate shapes from c omputer models 
by the stereo l ithograpnic process ca n oe used [o create 
hLrint^ aiaTshe lls as a result or tne present invention 
HAtnyifination process. Such hearing aid shells must be 
acceptable for long-tenn dernial contact and the detoxi- 
fication process of the present invention assures objects 
^produced by stereolfthography are acceptable for such 
applications. Although long-tenm demnal contact hear- 
ing aid shells have been produced, it is envisioned that 
jother suitable biocompatible three-dimensional objects 
lean be made according to the present invention. For ex- 
ample, a wide variety of products could be fomied and 
detoxified according to the present invention, such as 
stents, artery vah/e components, bone implant supports, 
pacemaker shells, surgical tools, prosthetic devices, 
and the like. 

[0040] The following examples are provided to illus- 
trate particular embodiments which fall within the scope 
of the claimed invention. It will be readily appreciated 
that numerous additional embodiments can be envi- 
sioned that would readily fall within the scope of the ap- 
pended claims. 

[0041] Prelim inary obiectsjyyere made with a photo- 
curable resin sold imdeMhe^na me STERESol^^ Y-C 
930dR that was used in a SLA® 3500 System commer- 
cially available from 3D Systems, Inc. These preliminary 
objects, or test samples, were approximately 10 mm x 
10 mm and 2.4 mm thick. The samples were produced 
by selecting a Star-Weave^" build style as recommend- 
ed in procedures in the Users Manual provided by Zene- 
ca Specialties in conjunction with Avecia Limited, a pre- 
vious supplier of the resin. The follow lnp resin para me- 
ters were used: 

Ec= 8.4 mJ/cm2 Dp= 9.4 mils 
[0042] The overcure value for hatchinc^ was set to 
0.02m m, the hatch space was se t at 0.3 mm, the over- 
cure value for bbr3eS was set to O.lmm, and the over- 
cure value for supports was set to 0.35 nim. Although 
the Users Manual recommended an ideal layer thick- 
ness of 0 .25 mm, the preliminary object were built with 
a build layer thfckness set at 0.075 mm because highe r 
resolutjon vvaSJ^rtpriJn,.fUrifin^^^ TOflMfgcture hearing 
aid shells. However, it is believed that the deviation from 
the ideal build layer thickness would have no measura- 
ble impact on the toxksity levels of the preliminary ob- 
jects. 

COMPARATIVE EXAMPLE 

[0043] Some of the preliminary objects produced as 
discussed above were post-processed to establish a 
comparative sample. They were first post-processed by 
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rinsing in tech grad e isopr opyl al cohol for 1 hour. The 
sample parts were t hen UV pCSTcured in a post curing 
apparatus sold under the name PCA™ 3500 using high 
uy content fluorescen t lamps. The PCA^m 3500 appa- 
ratuslscommercially available from 3D Systems, Inc. 
Three test samples were evaluated for cytotoxicity in ac- 
cordance with ISO 10993-5 and were roundTo be 
strongly t oxic, scoring a 4 on the scale of 0 th rough 4. 
[0633] Several additional confimiatory tests were 
conducted in order to assure the cytotoxicity measured 
in the test samples was not due to the cleaning soh/ent 
used, nor due to insufficient UV cure. Test samples were 
again produced and wiped clean with ^paggr^^^towjBls and ^ ^ 
then UV postcuredJTTiis test is believed to eliminate iso- / 
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or 



"pfopyi alcohol as apossi^^ study 
was conducted where phanrnaceutfcal grade isopropyl 
alcohol was used to wash the test samples, and high 
i ntensity UV mercury lamps were used to UV pos tcure 
the samples. This was done in order to reduce the pos- 
sibility that an insufficient postcure could be present that 
might effect the degree of cytotoxicity measured in the / 
tests. In all cases the test samples failed to pass the^ 
cytotoxicity tests. In all cases ttie preliminary objects 
were found to be strongly toxic with a score oM JlL^^~ 
cordance with the IS0 1 0993-5 standard for cytotoxicity. 
Unless othenwise mentioned, the preliminary objects 
made as described above were used in developing the 
detoxification processes in Examples 1 through 4. 
These preliminary objects therefore served as compar- 
ative baseline objects for detemnining the detoxifcation 
capabilities of the various processes tested. 

EXAMPLE 1 



35 Ultrasonics 
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[0045] A method for produ cing non-cytotoxic p arts 
from a photocured acrylate or epoxy/acrylate te st article 
by employing an ultrasonic bath filled with isoejnDBila*- 
cphol was dev etoped. It was discovered that the prelim- 
inary objects could essentially be rendered non-cytotox- 
ic by ult rasonk; clea ning in a bath of solvent such as 
I sopropyl alco hol. pTelimlnary objects were built on a 3D 
Systems* SLA® 3500 system as described previously. 
The samples were then placed in a VWR Aquasonic75T 
ultrasonk; cleaner available commercially from VWR 
Scientific Products of West Chester, Pennsylvania, and 
filled with isopropyl alcohol. The samples were subject- 
ed to ul trasonic stimulation for about 0.5 hours within 
t he isopropyl ateoho l. The samples were then trans- 
fen-ed to a smaller uitrasonfc unit, namely, a L & R Model 
PC3 ultrasonk: cleaner available commercially from Ed- 
mond Scientific of Tonawanda, New Yoric. The samples 
were then f urther subiected to ultrasonic stimula tion in 
i sopropyl ateoh ol for an additional time period of about 
1 .5 hours. Foll owing the treatment by ultrasonics, the 
samples were removed and virifigd-di7 with paper tow- 
els. The samples were then UV postcured for about 90 Yi^^y^ 
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minutes in the post curing apparatus discussed previ- 
ously. These tre ated and postcure j samples we re then 
measured f or cvt otoxicrty In aocordance with ISO 
10993-5. The samples received a^coreofOJpxcyiotox- 
icity, indicating that they were nontoxic. This confirmed 
that application of ultrasonic stimulation in an isopropyl 
alcohol medium was capable of rendering previously cy- 
totoxic acrylate based photopolymerized samples non- 
cylotoxic. Further, primary skin Irritation tests according 
to ISO 10993-10 were conducted on the samples that 
had been processed in an ultrasonic bath of isopropyl 
alcohol for a total of about 2 hours. These tests indicated 
negligible irritation on the shaved skin of rabbit test sub- 
jects exposed for 24, 48, or 72 hours to the samples. 
[0046] R >^ftrrAr periods of ulttasonlc stimulation w ere 
also tested. In a second ultrasonic experiment prelimi- 
nary Tesl' samples were placed in a bath of isopropyl al- 
cohol in the VWR Aquasonic75T ultrasonic unit and ex- 
posed to ultrasonic stimulation for about 6Q,minutes pri- 
or to heinciUV po^t cured. These samples were then 
wiped dry and UV postcured for about 90 minutes as 
discussed above. These sampjes scoure d a 3 ac cording 
to the ISO 10993-5 standard for ^^otoxicity, which Is 
considered moderately toxic by the standard, demon- 
strating they are generally n ot accep table for long-temi 
dermal contact applications. In a third ultrasonic exp er- 
iment preliminary test samples were subjected to ultra- 
sonic stimulation forabout 30 minutes prior to being UV 
postcured, and these samples also scored a 3 according 
to the IS0 10993-5 standard for cytotoxicity. Thus, it was 
determined that ul trasonte stimulation must be^p plied 
f or at least ab put 30 r ninutes wheri Tis ^gi^ 
cqhol as the nriedium, and preferably for up to about 2 
hours, in order to achieve biocompatibility for long-term 
demnal contact applications. However, ultrasonic stimu- 
lation times may vary depending on the medium being 
used, and/or on the size of the object being processed. 
[0047] The ultrasonic tests conducted indicate that in 
order to get the maximum benefit from ultrasonic detoxi- 
fication, the samples must be exposed to ultrasonic 
stimulation in isopropyl alcohol for at least about 1 hour 
and preferably for at least about 2 hours. However, 
sh orter periods of stimula tio n mav be oo ssible depend- 
ing on the type of medium used and/or size of the object 
being processed. 

EXAMPLE 2 

Chemical Extraction 

^ [0048] A chemical extraction process was also devel- 
oped to detoxify some of the preliminary test samples 
produced as discussed above. The preliminary test 
samples were placed in a 33 X 80 mm cellulose thimble 
within a 45/50 Kimax soxhiet extractor/ alllhn condenser 
apparatus commercially available from Fisher Scientific 

V Intemational, Inc., of Hampton, New Hampshire. The 
extractor was attached to a 500 mL round bottom flask 



filled with isopropyl alcohol as the extraction medium. 
The isopropyl alcohol was brought to a boil by heating 
the alcohol over a heated oil bath. The water-jacketed 
allihn condenser located above the soxhiet extractor 
5 condensed the isopropyl alcohol. The condensed alco- 
hol was collected in the receiving area of the extractor 
around the test samples and eventually drained from the 
receiving area through the siphon on the side of the 
soxhiet extractor. As the isopropyl alcohol was drained 
10 from the extractor, freshly distilled isopropyl alcohol was 
continuously collected over the test samples. The test 
samples were thus continuously rinsed In the soxhiet by 
distilled isopropyl alcohol for about 2 hours, upon which 
time the test samples were removed. The samples were 
15 then UV postcured for about 90 minutes and tested for 
cytotoxicity. The samples scored a 0 according to the 
IS0 10993-5 standard for cytotoxfcity. Thus, initially cy- 
totoxic preliminary test samples were rendered nontoxk: 
by chemical extraction with isopropyl alcohol in a soxhiet 
20 extractor, t^vtrarting ttpiftQ grfifj^fif than two^hQurs.weLP 
found to pr oduce no additional gains in th e, rerrioyal of 
cytotoxins. However an extraction time of about 30 min- 
utes re sulted in an object s coring a 2 accordlDfl-taJhe 
IS0 1 0993-5 standard for cytotoxicity, generally indicat- 
es ingttie lower threshold extraction time necessary to pro- 
duce objects acceptable for long-tenn dermal contact , 
applications. These tests Indrcate that when utilizing iso- 
propyl alcohol as the extraction medium, it is prefenred 
to operate the extractor between about 30 minutes to 
30 about 2 hours in order to achieve the desired biocom- 
patibility levels necessary for long-term demrtal contact 
applications. 

[0049] While is opropyl alcohol was used as the ex - 
traction medium, it is likely that many other extraction 
35 mediums could be used effectively witii this technique 
to render photocured materials nontoxic. For instance, 
other primary and secondary ateohols could be used. 
Similarly, other solvents such as acetone could be used, 
rf desired. 

40 [0050] In an altemative extraction test it was denwn- 
strated that this technique could be used to render arti- 
cles produced from photocurable epoxy/acrylate blends 
nontoxic. Preliminary objects were produced on an 
SLA® 3500 system utilizing a photocurable epoxy/acr- 

45 yiate resin sold underthe name SL 7540 by 3D Systems, 
Inc. and manufactured by Vantico, Inc. The preliminary 
objects were made by utilizing the default parameters 
commercially available from software package 3D Light- 
Year™1 .1 provided by 3D Systems, Inc., for the SLA® 

so 3500 system and the SL 7540 resin combination. The 
"Exact-X" build style was selected along with a layer 
thfckness of 0.0040 inches, and the preliminary objects 
were built to a size of about 1 0 mm x 1 0 mm x 2.4 mm. 
Some of the preliminary objects were then tested for cy- 

55 totoxicity according to the ISO 10993-5 standard and 
were found to score a 4, indicating they are severely tox- 
fc. Some of these prellminaiy objects were then subject- 
ed to chemical extraction in a soxhiet extractor in iso- 
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propyl alcohol for about 17 hours, and then postcured 
in a PCA^** 3500 apparatus for about 90 minutes, as 
discussed above. These samples were then tested for 
cytotoxicity according to the IS0 1 0993-5 standard, and 
produced a passing score of 2. Thus, severely toxic pre- 
liminary test samples made from an epoxy/acrylate 
blend resin were rendered nontoxic by chemical extrac- 
tion in isopropyl alcohol in a soxhiet extractor 

EXAMPLE 3 

Autoclaving 

[0051] Preliminary objects were produced as de- 
scribed previously with STEREOCOLtw y-C 9300R res- 
in. These samples were then UV postcured for 90 min- 
utes in a PCA^M 3500 apparatus as described previous- 
ly. They were then shipped to an independent testing 
laboratory and subjected to vapor treatment in an Am- 
sco Model 3000SL autoclave. This autoclave and others 
are available, for Instance, from Lancer Medical Servic- 
es, Inc., of Azusa, California. The autoclave was oper- 
ated In gravity mode between about 121^ and about 
124° C for about thirty minutes at a pressure of about 
18 psig. The autoclave treated test samples were then 
tested for cytotoxicity and found to yield a score off 0, 
thus the test samples were rendered nontoxic. This de- 
toxification process took the shortest time to complete 
and also produced the lowest cytotoxicity results. The 
operation temperature of the autoclave could be in- 
creased or decreased if desired. In addition, the time 
duration of the autoclave could be increased or de- 
creased, if desired. Further, primary skin irritation tests 
according to IS0 1 0993-1 0 indicated negligible irritation 
to the shaved skin of rabbit test subjects exposed for 24, 
48, or 72 hours to these samples. Because the results 
of the thirty minute vapor treatment in the autoclave pro- 
duced objects having no observable toxbity, significant- 
ly shorter vapor treatment periods are believed possible, 
such as about five minutes or less, which may also 
achieve acceptable results for long-temi demial contact 
applications. Although a minimum vapor treatment pe- 
riod was not detennined, it is believed such a minimum 
period would be dependent on a variety of factors such 
as the vapor medium used, the temperature of the vapor 
medium, the pressure of the vapor medium, and the size 
of the object being treated. 

[0052] Autoclave cycles are typically used for sterili- 
zation, such as removing bacterial contaminants, and 
the like, from medical devices. However, in this applica- 
tion the steam treatment in the autoclave is believed to 
induce a chemical change In the acrylate based pho- 
topolymer material of the test samples. It is also theo- 
rized that the steam decomposes certain cytotoxfc spe- 
cies within the photocured test samples, and further that 
the steam advances the state of cure (or polymerization) 
of the test articles thereby entrapping residual toxins 
within the arttole. 



EXAMPLE 4 

Thennal Heating 

5 [0053] Again, preliminary objects or test samples 
were initially built on a SLA® 3500 system as described 
previously with the STEREOCOL^" Y-C 9300R resin. 
These samples were then washed in isopropyl alcohol 
for about 1 hour, postcured under mercury arc lamps for 
10 about 1 hour, and then postcured for about 90 minutes 
under UV fluorescent lamps in a PCA™ 3500 ultraviolet 
radiation curing apparatus. These test samples were 
then subjected to an extended period of thennal heat 
generally intended to decompose or extract cytotoxins 
15 from the photocured arcylate test samples. The themnal 
treatment is believed to both advance the state of cure 
(or polymerization) of the photocured arcylate, and to 
decompose certain potentially cytotoxic species within 
the photocured arcylate. Such decomposed cytotoxic 
20 species are believed to include residual photoinitiators, 
and/or short chained arcylate monomers and oligomers. 
[0054] The test samples were subjected to about a 
twenty-four hour period in an oven at about 160° C and 
at atmospheric pressure. Additional test samples where 
25 heated to about 120** C at atmospheric pressure and 
held there for about a twenty-four hour period. In both 
thenmal heating cycles tested, the samples scored a 1 
according to the ISO 10993-5 standard for cytotoxfcity. 
This is acceptable for most dermal contact applfcatlons. 
30 Shorter time cycles and lower temperatures can also be 
used to lessen the cytotoxicity of photocured acrylate 
samples, if desired. In one study, test samples were 
heated to about 1 00* C for about 2 hours. In this case, 
the cytotoxicity was reduced from a level 4, to a level 3 
35 indicating the samples are still weakly to moderately tox- 
k:. While this level of cytotoxicity (level 3) is not sufficient 
for most medrcal applications, it does indicate that more 
gentle processing methods should be possible that 
would still render the test artteles nontoxic according to 
40 the ISO 10993-5 standard. Thus, when using the ther- 
mal heating process, the objects should at least be heat- 
ed to about 1 00° C for at least about 2 hours, and pref- 
erably should be heated for longer periods of time and/ 
or at higher temperatures. However, thermal heating is 
45 less prefenred than the other detoxification processes 
discussed herein due to the length of time needed to 
complete the thermal heating process. 

EXAMPLE 5 

50 

Overiapping Hatch Build Style 

[0055] Test samples were buiit on an SLA® 3500 sys- 
tem with the STERECOLT»^ y-C 9300R resin as dis- 
ss cussed above, using an overiapping hatch build style 
with a beam of desired shape. Generally, this is a build 
style in whfch the hatch lines drawn by the laser are 
close enough together such that the cure width of adja- 
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cent scan lines overlap (i.e. they are spaced at most one 
cured line width apart). In this particular example the 
hatch lines were spaced atO.004" (0.1 mm). Hatch over- 
cure was set to 0.002" (0.05 mm), border overcure was 
set to 0.006" (0.15 mm), and the layer thickness was 
0.003" (0.075 mm). Up facing fill cure depth was set to 
O.or (0.25 mm), down facing fill cure depths were set 
to 0.0132" (0.33 mm). The desired beam shape is cir- 
cular having a beam width of 0.01 0", which is the default 
beam width for the 3500 system. Other beam 

shapes could be used, if desired, such as an elliptical 
shape. No retraction was used; however, alternate se- 
quencing and staggered hatch were used. All other pa- 
rameters were set in the commercially available soft- 
ware package 3D LightYear™ 1 .1 provided by 3D Sys- 
tems, Inc., for use with the SLA® 3500 system. Test 
samples were built using the parameters discussed 
above, then washed in isopropyl alcohol for about 1 
hour, and then UV postcured under fluorescent lamps 
for about 4 hours. 

[0056] The samples were then tested for cytotoxicity 
and received a score of 1 , indicating that the samples 
are nontoxic according to the ISO standard. It was thus 
demonstrated that the build style used to produce the 
samples had a pronounced effect on the potential for 
such samples to be toxic. It is believed that the use of 
tighter hatch spacing can result in sufficient cure such 
that toxte species are reacted, decomposed, or other- 
wise trapped within the test article rendering it nontoxic. 
However, due to the wide variety of build styles and pa- 
rameters available for use, and considering the neariy 
infinite geometric possibilities for biocompatible objects, 
it is still preferable to post process objects fornied by 
stereolithography or other SFF techniques with a proven 
detoxification process to assure biocompatibility. In ad- 
dition, it should be noted that the overiapping build style 
has the disadvantage of being a slow build style which 
may not be practical for some applfcations. 
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The method as claimed in Claim 2 in whteh the po- 
lymerizable material is a photopolymer. 

The method as claimed in Claim 1 , 2 or 3 in which 
said preliminary object is fomried by solid freefone 
fabrication. 

The method of claim 1 wherein the build material is 
photocurable or sinterable and is applied in succes- 
sive layers in the fonm of a powder, paste, liquid, or 
gel. 

The method of claim 5 wherein the build material is 
a photocurable material selected from the group 
consisting of an acrylate, an epoxy, or an epoxy/acr- 
ylate blend. 



7. The method of any one of claims 1 to 6 wherein the 
step of nullifying the cytotoxins is accomplished in- 
20 dividually or in any combination of the following 



entrapping at least some of the cytotoxins with- 
in the three-dimensional object by advancing a 
state of cure of the preliminary object; 
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1 . A method of fomning and detoxifying a three-dimen- 
sional object, the object being detoxified for at least 
long-temi dennal contact biocompatibility, the 
method comprising: 

forming a preliminary object in successive lay- 
ers with a build material in a layenvise fashion, 
the preliminary object containing cytotoxins; 

nullifying the cytotoxins in the preliminary ob- 
ject to establish a biocompatible three-dimen- 
sional object. 

2. The method as claimed in Claim 1 in whteh said 
build material is a polymerizable material. 



extracting at least some of the cytotoxins from 
the preliminary object by immersing the prelim- 
inary object in a medium; 

decomposing at least some of the cytotoxins in- 
to a non-toxic state within the three-dimension- 
al object by subjecting the preliminary object to 
themnal energy; or 

transforming at least some of the cytotoxins into 
a non-toxic state within the three-dimensional 
object by advancing the state of cure of the ob- 
ject. 

8. The method of any one of claims 1 to 6 wherein the 
step of nullifying the cytotoxins is accomplished by 
immersing the preliminary object in a medium and 
subjecting the preliminary object to ultrasonic stim- 
ulation. 

9. The method of claim 8 wherein the ultrasonic stlnv 
utation is applied for more than about 30 minutes. 

10. The method of any one of clain^ 1 to 6 wherein the 
step of nullifying the cytotoxins is accomplished by 
subjecting the preliminary object to chemteal ex- 
traction in a medium. 



55 11. The method of claim 8, 9 or 1 0 wherein the medium 
is a sohfent. 

12. The method of claim 8, 9 or 1 0 wherein the medium 
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is isopropyl alcohol. 

13. The method of claim 12 wherein the chemical ex- 
traction is perfomned In a soxhiet extractor for more 
than about 30 minutes. ^ 

14. The method of any one of claims 1 to 6 wherein the 
step of nullifying the cytotoxins is accomplished by 
subjecting the preliminary object to vapor treatment 
in a medium. 

15. The method of claim 14 wherein the vapor treat- 
ment is applied for at least about 5 minutes. 

16. The method of daim 15 wherein the medium Is is 

steam. 

1 7. The method of claim 1 6 wherein the temperature of 
the steam Is between about 121** C and about 124** 
C and applied for about 30 minutes. 

18. The method of any one of claims 1 to 6 wherein the 
step of nullifying the cytotoxins is accomplished by 
bringing the temperature of the preliminary object 
to at least about 1 00 degrees Celsius. 

19. The method of claim 1 8 wherein the temperature of 
the preliminary object is maintained at least about 
1 00 degrees Celsius for a period of at least about 2 
hours. ^ 

20. The method of any one of claims 1 to 6 and 19 
wherein the build material is solidified in each suc- 
cessive layer by selectively applying radiation in a 
beam of desired shape in each successive layer 35 
along a plurality of scan lines, the cytotoxins being 
nullified by scanning the beam in an overlapping 
fashion along adjacent scan lines in each layer. 

21. A three-dimensional object formed in a layenwise 40 
fashion and having long-term dermal compatibility 

by use of the method of any one of the preceding 
claims. 

22. A three-dimensional object as claimed in Claim 21 
which is a medical device, implant or structure. 

23. A three-dimensional object as claimed in Claim 21 
which is a hearing aid shell. 

50 
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SOLIDIFYING THE RESIN 
IN SUCCESSIVE LAYERS 
TO FORM A PRELIMINARY 
OBJECT CONTAINING 
CYTOTOXINS 
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NULLIFYING THE 
CYTOTOXINS BY ENTRAPPING, 
EXTRACTING. AND/OR 
DECOMPOSING THE 
CYTOTOXINS 



FIG. 1 
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SOUDIFYING THE RESIN 
IN SUCCESSIVE LAYERS 
TO FORM A PRELIMINARY 
OBJECT CONTAINING 
CYTOTOXINS 
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FIG. 2 



NULLIFYING THE CYTOTOXINS 
X| BY SUBJECTING THE PRELIMINARY 
OBJECT TO ULTRASONIC 
STIMULATION IN A SOLVENT 
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SOLIDIFYING THE RESIN 
IN SUCCESSIVE UYERS 
TO FORM A PRELIMINARY 
OBJECT CONTAINING 

CYTOTOXINS 



NULLIFYING THE CYTOTOXINS 
■\J BY SUBJECTING THE PREUMINARY 
OBJECT TO CHEMICAL EXTRACTION 
IN A SOXHLET EXTRACTOR 
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SOUDIFYING THE RESIN 
IN SUCCESSIVE LAYERS 
TO FORM A PRELIMINARY 
OBJECT CONTAINING 
CYTOTOXINS 
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NULLIFYING THE CYTOTOXINS 
"\l BY SUBJECTING THE PRELIMINARY 
OBJECT TO STEAM CLEANING 
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SOLIDIFYING THE RESIN 
IN SUCCESSIVE LAYERS 
TO FORM A PRELIMINARY 
OBJECT CONTAINING 
CYTOTOXINS 
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NULUFYING THE CYTOTOXINS 
\j BY SUBJECTING THE PRELIMINARY 
OBJECT TO THERMAL HEAT 
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SOUDIFYING THE RESIN 
IN SUCCESSIVE LAYERS 
TO FORM A PRELIMINARY 
OBJECT CONTAINING 
CYTOTOXINS 
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NULLIFYING THE CYTOTOXINS 
BY SELECTING A BUILD 
STYLE WHERE THE BEAM 
WIDTH OF RADIATION OVERLAPS 
WHEN SOLIDIFYING THE RESIN 
IN THE LAYERS 
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